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Summary
This paper demonstrates the possibility for the pre-biotic self-
assembly of multiple eukaryotic genomes from a vast pool of 
sp l i t genes and regu la tory sequences p roduc ing 
morphologically distinct complex life forms, explaining the 
mosaic genomic and classical enigmas. 
Introduction
The currently accepted explanation for the origin of life may 
appear solid in its foundation. For its time, this linear branching 
evolution (LBE) model was indeed a remarkable explanation for 
a question that had never truly been confronted; however, the rise 
of genomics and proteomics has made it clear that it is bound to 
several imperative problems that must be addressed. The LBE 
model assumes that a simple bacterium-like life form originated 
pre-biotically and evolved into numerous complex life forms 
(1-11). A set of simple contiguous genes encoding primitive 
proteins believed to be within the very first genome was to have 
evolved into similar genes by genetic mutation with small 
traceable sequence changes (1-11). It is considered that these 
sequence variations caused their vast morphological evolution. 
LBE is so commonly accepted as the answer for the 
diversity of life that other potential explanations are often 
overlooked; yet, several post-genomic findings have seriously 
contradicted its most basic assertions. For instance, recent 
findings have shown that entirely new genes and proteins are 
present in several organisms with virtually no precursors in 
their expected ancestors (12-30). The genome of the first life 
form also appears to be highly complex and eukaryotic, 
containing genes encoding advanced proteins (31-47). 
Furthermore, several data indicate that a eukaryote could not 
have evolved from a prokaryote (48-56), and that the tree of life 
may root to a eukaryote rather than a prokaryote (57-69). 
Although it is generally accepted that the first genes were 
contiguous, as are the genes found in prokaryotes, the 
probability of finding contiguous genes in random DNA is 
impractically low (4-7, 70-74), and it has been demonstrated 
that the first genes must have actually had a split form (70-74). 
We have shown in two companion studies that 1) split protein-
coding sequences encoding complex proteins, and 2) the other 
essential regulatory and splicing informational sequences and 
structures of split eukaryotic genes are easily found in random 
DNA. In contrast to the simple genes and primitive 
spliceosomes projected by LBE model, it has been shown that 
the first eukaryote contained highly complex, intron-rich split 
genes (24-25, 28, 75-77) and an advanced spliceosome (48-51) 
as those present in higher eukaryotes. Recent findings thus 
indicate that the first life form itself may have been eukaryotic 
containing complex split genes and an advanced spliceosome for 
splicing them. 
Post-genomic studies have also revealed a random mosaic 
distribution of genes across the biota that disagrees with the LBE 
model’s view of traceable gene and genomic evolution. Whereas 
genes are presumed to be distributed in an organized manner 
across phyla (1-11),  recent discoveries show that massive 
numbers of unique genes are randomly distributed across 
unexpected genomes causing a mosaic distribution of genes 
(12-30). The possibility for the lateral gene transfer across 
organisms proposed in initial genome comparisons became 
untenable in light of the countless genes randomly shared across 
unanticipated life forms (36, 78-79). Typically,  when a small 
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number of genomes were compared, approx. 10-20% of genes 
were common among the genomes, approx. 30-40% were shared 
randomly among different subsets of genomes, and the remaining 
40-60% were unique to each organism—a scenario at odds with 
the LBE model (12-30). In addition, when most of the currently 
sequenced genomes were compared, only about 0.1 to 1% of the 
genes were common among them (80).  The remaining 99% of 
the genes were either present exclusively in life forms with no 
trace of sequence, structure or function in their expected 
ancestors, and/or randomly shared in subsets of life forms in a 
manner defying any phylogenetic relationship. Additional 
problems, such as topologically incongruent trees based on 
different common genes, undermine the validity of phylogenetic 
analysis that is now restricted to this 1% of genes (80). As LBE 
expects the genes of all organisms to have redundancy, this 
extremely low fraction of common genes has caused some 
scientists to consider this model untenable (80). The post-
genomic conundrums have also led several scientists to 
conclude that the Darwinian adaptationist model does not 
account for them, and to possibly abandon the tree of life 
concept and anticipate an entirely new worldview capable of 
explaining these enigmas (81-83).
In this paper, we address a new mechanism of the parallel 
origin of genomes based on our random sequence origin of split 
genes (ROSG) model. We have shown in separate studies that 
an abundance of complex split genes coding for an immense 
repertoire of sophisticated proteins must have inherently 
occurred in a small amount (~ 1 µg; 1016 bases) of pre-biotic 
random genetic sequences (P. Senapathy, et al,  and A. Bhasi et 
al, accompanying papers). This vast pool of split genes could 
have randomly assembled into a viable eukaryotic genome by 
the same pre-biotic self-assembly mechanisms believed to have 
brought forth the genome of the first prokaryotic life by LBE 
(4, 6,  84). In an essentially simultaneous manner, different gene 
combinations may have led to several viable genomes (among a 
vast number of non-viable gene combinations) leading to 
multiple unique organisms, resulting in a mosaic gene 
distribution. This model is termed parallel genome assembly 
(PGA). We conducted a computer simulation to test if the PGA 
model could be substantiated by data from extant genomes. 
Comparing data from seven genomes from distinct phyla with 
the data from genomes predicted by computer simulation of 
PGA, we show that the mosaic distribution of genes observed 
among extant genomes is incredibly similar to that predicted by 
computer simulation. The results show that the mosaic gene 
distribution supports that distinct life forms with fundamentally 
distinct morphologies and genomes arose from distinct 
genomes in the prebiotic gene pool; and organisms with similar 
morphologies and genomes,  but whose genomic and 
morphological differences are unaccountable by organismal 
evolution, arose from pre-biotic modification of prototypic 
genomes.  Organisms that have essentially the same morphology 
and genome may have arisen through organismal micro-
evolution.
RESULTS
Mosaic gene distribution among simulated genomes
Only genes similar to the set of “root-stock genes” in the 
earliest life form should occur in all life forms in the view of 
LBE, whereas what is observed in nature is a mosaic gene 
distribution (Figure 1A). A parallel assortment of a common 
pool of pre-biotic split genes should have theoretically led to 
this mosaic distribution of genes (Figure 1B).
To test whether a random assortment of a common pool of 
genes would lead to a mosaic distribution, we simulated 
random genomes and compared their gene distribution patterns 
with those of seven extant genomes. Specifically, we randomly 
assorted a pool of 50 genes (with many copies of each gene) 
into three genomes each consisting of 25 genes. The non-
redundant genes in each genome were compared with those in 
each of the other genomes.  The results showed that the 
genomes exhibited a set of common genes,  a set of unique 
genes and a set of randomly shared genes – a mosaic 
distribution (Figure 2A).  The same protocol with 50,000 genes 
and genomes of 25,000 genes was iterated over 100 times. The 
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Figure 1. | The LBE model and the ROSG/PGA model.  A) The LBE 
model states that slightly changed versions of the root-stock genes 
from the common ancestor should exist in all the life forms (inner circles 
genomes). However, what is actually found is a mosaic distribution of 
distinct genes across distinct life forms (outer circles genomes).  B) The 
ROSG/PGA model states that a mosaic distribution of genes should 
exist across genomes, and this is what is found in the biota (gene Z 
common to all genomes, genes A, B, C, and D unique to genome A, B, 
C, and D respectively; genes P, Q and R shared randomly among the 
four genomes).
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following average fractions were obtained (calculated based on 
the non-redundant gene content of the genomes): common 
genes (15%), unique genes (37%) and randomly shared genes 
(48%) (Figure 2B). Next the simulation was conducted by 
increasing the size of the gene pool from 1000 genes to 300,000 
genes, keeping the genome size constant (25,000 genes). 
Almost all of the genes were common among the three 
genomes when the size of the gene pool was the smallest. The 
fraction of the common genes decreased and those of the 
unique and shared genes increased as the gene pool size 
increased (Figure 2C). The behavior of the mosaic gene 
distribution was further analyzed when the number of genomes 
in the comparison was increased from 3 to 12, for a pool size of 
50,000 genes and genome size of 25,000 genes. The fractions 
of common genes and unique genes decreased to nearly zero by 
about eight genomes, and shared genes increased to nearly 
100% (Figure 2D).
Mosaic gene distribution among extant genomes
We determined the mosaic gene distribution among seven 
completely sequenced extant eukaryotic genomes representing 
distinct phyla,  for which the homologous gene (homologs) data 
were available (“HomoloGene” database from NCBI: (http://
www.ncbi.nlm.nih.gov/homologene). The gene structural (i.e., 
exon-intron) identities were not considered as the homologs 
were mostly based on protein sequence similarities. When the 
human genome was compared with two genomes, C. elegans 
and A. thaliana,  14% of its genes were common with the other 
two genomes, 15% were shared with any one of the other two 
genomes,  and 71% were uniquely found only in the human 
genome (Figure 3). These fractions varied when C. elegans or 
A. thaliana was used as the primary genome in the comparison, 
as their genome sizes were different. When the human genome 
was compared with all the seven genomes, the fraction of 
common genes reduced to 2%, unique genes decreased to 66%, 
and shared genes increased to 32% (Table 1). The mosaic 
genome fractions for the different possible combinations of 
three genomes from the seven extant genomes (A. thaliana, 
H.Sapiens, D. melanogaster,  C. elegans, O. sativa, P. 
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Figure 2. | Simulating genomes based on the PGA model.  A) 
Twenty-five genes from a pool of 50 genes were randomly and 
independently assorted into three genomes. The distinct non-redundant 
genes in each genome (genome A - 17 genes; genome B - 21 genes; 
and genome C - 21 genes) were compared with those in each of the 
other two genomes. The common, unique and shared genes within 
each genome with respect to the other two genomes are shown in the 
Venn diagram.  B) Twenty-five thousand genes from a pool of 50,000 
genes were randomly and independently assorted into three genomes. 
The non-redundant genes in each genome (19,669 distinct genes; 
5,331 redundant genes) were compared with those in each of the other 
genomes, and the fractions of common, unique and shared genes were 
computed.  C) The behavior of the mosaic gene fractions (common, 
unique and shared) was simulated by keeping the genome size 
constant (25,000 genes) and increasing the gene pool size (from 1000 
to 300,000 genes).  The fractions of common, unique and shared 
genes were plotted as a function of increasing gene-pool size.  D)  The 
behavior of the mosaic gene fractions was simulated by keeping the 
genome size (25,000 genes) and the pool size (50,000 genes) 
constant, and increasing the number of genomes compared from 3 to 
12.
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falciparum and S. cerevisiae) are shown in Supplementary 
Information Table 1.
To further examine the extant mosaic distribution, each 
particular genome (e.g., Arabidopsis) was compared with an 
increasing number of the six other genomes.  The fractions of 
common, unique and shared genes pertained to the gene content 
of this primary genome element with respect to the other 
genomes.  With the increase in the number of genomes in the 
comparison, the fractions of the common and unique genes in 
the primary genome decreased and those of the shared genes 
increased (Figure 4A). 
We repeated this analysis with each of the seven genomes 
as the primary genome, and with two simulated genomes, and 
found the behavior of the mosaic gene fractions to be the same 
(Figures 4 and 5 and Table 1). Furthermore, we analyzed every 
single possible two to seven combination of the seven genomes 
(Supplementary Information Table 1), and the mosaic gene 
fractions of all of the combinations were essentially as expected 
in a simulation. The variations of mosaic gene fractions when 
each of the genomes was the primary genome in the 
comparison may be due to several reasons such as the 
difference in genome sizes and the extent of common genes 
used for common functions. For example, when Arabidopsis 
was included in the comparison with Oryza, the unique gene 
fraction decreased significantly and the shared genes increased 
correspondingly. This effect may be attributed to the large 
number of common plant specific genes between these two 
genomes that are used for common functions such as plant 
metabolism.
Potential size of the pre-biotic gene pool 
Under PGA, the size of the common gene pool from which 
extant genomes were assembled can be estimated by analyzing 
the change in mosaic gene fractions of a given genome, as the 
number of genomes in the comparisons vary (the slope).  The 
changes occurred very slowly (Figures 4A-G), which indicates 
a large gene pool size. By analyzing a similar slope from the 
simulated genomes, the approximate pool size from which 
extant genomes arose could be empirically determined. 
However, the genome sizes vary considerably among the seven 
organisms used in this study (Table 1 and Figure 5). We found 
that the slopes of U, C and S produced by the genome size of 
10,000 genes and a pool size of 600,000 genes (Figure 4H) 
were similar to that produced by the genome size of 12,000 
genes and a pool size of 800,000 genes (Figure 4I), both of 
which were approximately similar to those in Figures 4 D and 
G.  Based on these observations, a gene pool size of roughly 
one to a few million genes was estimated. This value is a 
general estimate, and can vary considerably with the advent of 
more genome data due to wide variations in genome sizes and 
other factors such as a large number of un-sampled plant and 
invertebrate genomes. In addition,  this calculation was based on 
protein/gene similarity.  Also analyzing gene structure may alter 
the gene pool size.
Equal genomic complexities specifying widely 
distinct morphological complexities
According to ROSG, as long as the exon lengths are restricted, 
the probability of any given split gene is essentially the same, 
irrespective of the number of splits (i.e., the number of exons 
and introns), the length of the coding sequence and the split 
gene, or the size, structure and function of the protein it 
encodes (P. Senapathy et al and A. Bhasi et al, accompanying 
papers). Therefore the probability of any genome assembled 
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Figure 3. | Mosaic gene fractions among extant genomes. The 
fractions of the common, unique and shared genes within the genomes 
of H. sapiens, D. melanogaster, and C. elegans, respectively, when the 
genes in each genome were compared with those in the other two 
genomes, are shown in the Venn diagram. The genes shared between 
any two of the three genomes are shown within the intersections of the 
respective genomes (Hs/Dm - 1,999 genes; Hs/Ce - 800 genes; Dm/Ce 
- 334 genes). The genes common to all the three genomes are shown 
in the intersection of the three genomes (Hs/Dm/Ce - 2,723 genes).
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Organism Genes in genome a
Common 
Genes (%) b
Unique 
Genes (%) c
Shared 
Genes (%) d
 Homo sapiens (H) 18,876 385 (2) 12,542 (66) 5,949 (32)
 Arabidopsis thaliana (A) 11,226 385 (3) 1,517 (14) 9,324 (83)
 Drosophila melanogaster (D) 7,796 385 (5) 2,601 (33) 4,810 (62)
 Saccharomyces cerevisiae (S) 4,373 385 (9) 2,643 (60) 1,345 (31)
 Caenorhabditis elegans (C) 4,829 385 (8) 868 (18) 3,576 (74)
 Oryza sativa (O) 10,674 385 (4) 1,119 (11) 9,170 (86)
 Plasmodium falciparum (P) 1,130 385 (34) 79 (7) 666 (59)
Table 1. | Mosaic distribution of genes among seven diverse 
eukaryotes.
a Number of distinct gene IDs in a given genome, which indicates the number of unique 
gene groups within a genome
b Number of genes (gene IDs) that have orthology to a gene from all of the other six 
organisms
c Number of genes (gene IDs) within a given genome that have no orthology with any 
gene from any of the other six organisms 
d Number of genes (gene IDs) that have orthology to a gene from at least one but not all 
of the other six organisms
from these genes should be the same regardless of its gene 
content or the organism it specifies. Furthermore, the 
probability of the genetic networks needed for the 
developmental genetic pathways (DGPs, (74)) in a genome 
depends on the set of DNA binding proteins and their target 
DNA sequences.  We computed the probability of different 
genetic networks involving different number of genes and 
different target sequences, which indicated that they are more 
or less equal (not shown) (74). Thus the probability of different 
genomes should be essentially the same irrespective of the 
apparent morphological/physiological complexity of the 
organism. These results can explain the observed equal 
genomic complexity of extant life forms that vary widely in 
morphological complexity (see below), which is unexplained 
by the LBE model (85). Thus, the probability for the origin of 
different genes, gene networks,  and genomes  is very high and 
essentially equal under ROSG. By contrast, the probability of 
evolving one of these entities from a precursor organism 
lacking it by random mutations is next to none.
DISCUSSION
The ROSG/PGA model: a new paradigm for the origin 
of biological information
Our previous studies have shown that an abundance of split 
genes (split coding sequences and regulatory and splicing 
signals) coding for highly advanced proteins could have existed 
within a small amount of random DNA sequences (70-74, P. 
Senapathy et al, and A. Bhasi et al, accompanying papers). 
ROSG provides a non-teleological, chance-based solution for 
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Figure 5. | Mosaic genome distribution among seven extant 
genomes.  The comparison of orthologous genes across distinct 
organisms from various phyla reveal the presence of common, unique 
and randomly shared genes in each genome.  The number of unique 
genes (U) in each genome is shown in blue. The total number of genes 
and the number of unique genes present within a given organism are 
from Table1, and the number of common genes between any two given 
organisms (shown by arrows) are from Supplementary Information 
Table 1-F.
Figure 4. | Effect of increasing the number of extant genomes 
compared on mosaic gene fractions.  The bar charts show the 
fractions of the common, unique and shared genes within the primary 
genome (the first genome in the combinations shown) when its genes 
were compared with an increasing number of six other extant genomes. 
The different genomes compared with the primary genome are shown 
under each bar. The primary genomes compared are: A) Arabidopsis; 
B) Caenorhabditis; C) Drosophila; D) Human; E) Oryza; F) Plasmodium; 
G) Sachharomyces; H ) Comparison of an increasing number of 2-7 
simulated genomes, each of size 10,000 genes assembled from a gene 
pool size of 600,000 genes; and I) Comparison of an increasing number 
of 2-7 simulated genomes, each of size 12,000 genes assembled from 
a gene pool size of 800,000 genes. Note: percent of common genes 
(red) are not readily visible in panels H and I. The fractions of unique, 
common, & shared genes (in Figures A-G) in the primary genome with 
respect to the other 2-7 genomes in the combinations were taken from 
the respective sub-tables of Supplementary Information Table 1.
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the pre-biotic origin of biological information. Invoking the 
same self-assembly mechanisms presumed under LBE (4, 6, 
84), PGA provides the basis for the origin and diversity of the 
eukaryotic and prokaryotic genomes. 
PGA is an extension of the ROSG model. Given the high 
probability of eukaryotic genome formation in the setting of a 
random primordial genetic pool, it can be expected that not just 
one, but many genomes would have formed, each drawing upon 
the vast availability of randomly occurring complex split genes. 
Under these conditions, there would be prolific mixing of 
genes, with parallel formation of multiple genomes. In a 
stochastic manner, those genomes compatible with life would 
result in the formation of an organism, while those with an 
incompatible genome would not. 
ROSG/PGA predicts that comparisons between extant 
genomes should resemble comparisons between simulated 
random genomes. Our simulation of random genomes revealed 
shared, common, and unique genes. The fractions of shared 
genes increased and the fractions of common and unique genes 
decreased as the number of genomes compared increased. 
When extant genomes were compared, the fractions of these 
shared, common, and unique genes behaved in a similar 
manner. The extant data may not be a perfect replica of the 
random distribution in simulated data, as some requisite genes 
for basic cell structures and metabolisms may be inherently 
common among life forms. Since gene function is not taken 
into account in the simulated data, there may be fewer common 
genes projected in these simulated genomes.
ROSG model solves post genomic questions
The recently uncovered genomic data that are consistent with 
the morphological and physiological details observed in extant 
life forms, as compared to those predicted or expected by the 
LBE model and ROSG/PGA model, are shown in Table S2. 
LBE is based on the premise that a single bacterium-like life 
form originated and evolved over time into all of the life on 
earth, resulting in traceable genetic commonalities throughout 
the evolutionary tree. Therefore, the pre-genomic era data 
showing any trans-organismic gene and protein redundancy 
was,  and is still, considered to be incredible support for the 
LBE model. However, the key to understanding this crucial 
data is to recognize that this gene and protein redundancy is due 
to the commonalities of the genomes that were randomly 
assembled from split genes in the prebiotic system, rather than 
descent from a common ancestor.
With the advent of complete genome sequencing,  the 
genetic data truly expresses not only that LBE is an incorrect 
model for how life originated and diversified, but also that its 
shortcomings are eliminated by ROSG/PGA. To start,  the LBE 
crux that the very first genes were contiguous is unstable,  as 
this type of gene is nearly impossible to find in random DNA. 
Split genes on the other hand, are easily detected in random 
DNA. Informational sequences for proteins were more likely to 
be in split pieces, as the odds of finding an entire coding 
sequence without intervening segments in between is extremely 
low. LBE, which supposed the presence of a primitive 
spliceosome in the earliest eukaryote, also cannot explain why 
the first spliceosome has been found to be quite complex and 
similar to the spliceosomes that exist in extant higher 
eukaryotes (48-51). This complexity is fitting under ROSG/
PGA since an advanced spliceosome would have been 
necessary to cut the introns out of the very first spit genes. In 
addition, the first life forms were shown to have encoded a 
higher complexity of proteins than is considered by LBE 
(31-47). According to ROSG/PGA, these proteins should 
indeed be as complex as those in intron-rich eukaryotes, since 
proteins encoded by any split gene are of equal complexity (P. 
Senapathy, et al, accompanying paper).
Based on ROSG/PGA, each unique genome that became 
viable in the pre-biotic system must have had a constant set of 
genes. This set of genes could have only changed into their 
normal sequence variants by genetic mutation based on codon 
degeneracy (CD) and amino acid variability (AAVAR),  without 
changing the form and function of the proteins. The 
developmental genetic pathway (DGP) (74) of each unique life 
form would have also remained constant, the regulatory 
sequences and the developmental genes within the genome only 
changing to their normal sequence variants. The findings of the 
unique DGPs of morphologically distinct life forms (86-87), 
that cannot be evolved by genetic mutation (74) also agrees 
with this model. Mutational mechanisms are now known to be 
incapable of evolving entirely new functions. Even gene 
duplication, the only mechanism believed to be capable of 
evolving new genes, is actually only capable of sub-
functionalization of pre-existing functions (78-79, 88-90). 
Recent reviews are unable to show the evolution of an entirely 
new gene for a completely unique protein (91). These findings 
support the PGA concept of the constant set of genes within 
every unique genome. Furthermore, LBE is able to explain the 
presence of only similar genes, but not entirely unique genes 
and randomly shared genes across life forms; ROSG/PGA is 
able to explain all three types of genes. Often, the common 
genes and proteins analyzed by LBE are only functionally 
similar but are non-orthologous (31-34, 92-93). Evolutionary 
mechanisms cannot therefore lead to entirely new genes and 
organisms, and can only result in minor changes within a 
constant genomic and morphological/physiological framework.
 Another paradox of the LBE is the existence of entirely 
unique sets of genes and proteins for physiological systems 
that perform similar generic functions (e.g., immunity or 
sensory perception) across different phyla (Table 2 and Table 
3). For instance, the physiological systems for wound sealing in 
morphologically distinct life forms are completely unique. In 
vertebrates, a number of blood clotting factors serve this 
function (94). In echinoderms, the same function is afforded by 
an entirely different set of proteins called coagulons, which 
have nothing in common with the vertebrate blood clotting 
factors (95). None of the >600 proteins in the blood plasma of 
vertebrates have been found in any of the invertebrates 
including the annelids, arthropods or echinoderms and vice 
versa (74, 94-96).  Furthermore, the term ‘blood’ itself is used 
generically to denote the circulating fluids of many 
morphologically distinct organisms, but the blood of these 
organisms exhibit distinct protein (and cellular) content (74, 
94-95).  The details of several different physiological systems 
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such as immune defense (21, 97-100), biomineralization (101), 
sensory perception and cell adhesion (12-30) show that they 
encompass entirely different proteins in distinct life forms 
(Table 3). The LBE model is forced to explain the origin of 
these unique proteins by the process of “rapid evolutionary 
innovation and invention” (12-30), but this evolution is 
impossible as there is no mutational mechanism that can evolve 
even a single entirely new gene and/or protein (see 
Supplementary Table 2). It would take 1035 years at the known 
rate of genetic mutation, which is longer than the age of the 
universe (1011 years), to evolve an entirely new gene and/or 
protein (74).
A further inconsistency of LBE is the observed equal 
genomic complexity of life at extreme ends of morphological 
complexity (e.g., from the basal trichoplax to the advanced 
human).  LBE cannot explain why lower organisms do not in 
fact have less advanced genomes than higher organisms as it 
expects. ROSG/PGA demonstrates that the equal complexity of 
the pre-biotic split genes should have resulted in equally 
complex genomes and proteomes regardless of the organism’s 
morphological complexity or taxonomical classification.
The pre-biotic origin of multiple organisms by parallel 
genome assembly must have also led to a burst of unique life 
forms leading to the scenario observed in the Cambrian 
Explosion fossil record. Our work shows that “evolutionary 
gaps” that are observed between morphologically unique life 
forms are not gaps at all,  but are rather normal spaces which are 
the result of the pre-biotic parallel origin of their genomes.  A 
lack of precursors for the Cambrian organisms is an 
inconsistency in the fossil record according to LBE, but ROSG/
PGA shows that the ultimate answer for this problem does not 
lie in the fossil record, but rather in the explicit absence of the 
evolution of these organisms. The fact that the morphologically 
unique Cambrian life forms that abruptly occurred on earth 
without any precursors have remained essentially unchanged 
further support this idea (74).
The availability of copies of the first viable eukaryotic 
genome, molecular machineries and cell would have catalyzed 
the assembly of further unicellular and multicellular genomes 
in the pre-biotic system. The findings that eukaryotes are a 
highly variable group, with different sets of the genetic code 
(102-103), different unique nuclei and eukaryotic cells 
(104-106), and distinct multicellularity (7, 8, 107-110), which 
under LBE have evolved multiple times independently (111), 
may possibly represent distinct genomes and cells originating 
in the pre-biotic system. ROSG/PGA also explains the intron 
loss leading to intron-poor (e.g., C. elegans, yeasts) and intron 
less (prokaryotes without a nucleus) genomes, and the intron-
reduction leading to genome reduction (e.g., arabidopsis, 
trichpolax) from pre-biotic intron-rich genes (70-74). 
Our model also explains the genomes of life forms that 
apparently have a basic morphological similarity but whose 
genomes are too different to be accountable for by organismal 
evolution. The pre-biotic chemical evolution system would 
support the drastic modifications and rearrangements of 
prototypic genomes,  including deletion and inclusion of other 
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1 Contrary to the expectation that the very first life form must have 
been primitive with a simple set of genes and proteins, the 
genome and the proteome of the very first life form seems to be 
highly complex and sophisticated.
2 In contrast to the simple split genes and a primitive spliceosome in 
the eukaryotic ancestor, it contained a highly intron-rich and 
complex split genes, and a fully formed sophisticated 
spliceosome.
3 The evolutionary tree of life seems to root to a eukaryote rather 
than a prokaryote.
4 No precursor to the highly complex eukaryotic nucleus is found 
among prokaryotes; A eukaryotic cell with a nucleus and other 
sub-cellular structures, or a eukaryotic genome with complex split 
genes, could not have evolved from a prokaryote.
5 If 1-4 above are true, then the very first life form was a highly 
complex eukaryote with split genes, fully formed spliceosome for 
splicing them, and sophisticated proteins.
6 Entirely unique genes and proteins in life forms (including 
multicellular organisms) without any trace of precursors in 
expected ancestors.
7 Random mosaic distribution of genes without any phylogenec 
relationship.
8 Entirely unique sets of genes for generic physiological functions in 
morphologically distinct life forms.
9 Numerous morphologically distinct life forms that cannot be 
related on the basis of organismic evolution.
10 Abrupt occurrence of numerous fully formed unique, 
morphologically distinct life forms without virtually any precursors 
in the fossil record of Cambrian explosion.
Table 2. | The key LBE conundrums uncovered by modern 
genomic research that are consistent with the classical enigmas.
Blood coagulation Circulating fluid Immune/defense Biomineralization Respiration
Blood clotting factors are 
unique to vertebrates.  
“Coagulons” in 
invertebrates (e.g., 
echinoderms or 
crustaceans) are entirely 
distinct from blood clotting 
factors in vertebrates. The 
different coagulons and 
‘wound sealing’  proteins in  
distinct invertebrates are 
also entirely unique.
The proteins in circulating fluids 
of morphologically distinct life 
forms are entirely unique.  For 
example, the >600 proteins in 
the vertebrate plasma are not 
found in any of the 
invertebrates. The circulating 
cells and proteins of distinct 
invertebrates are also unique.  
“Blood” is a generic term; with 
nothing common among distinct 
life forms.
The proteins and cells for 
defense mechanisms are unique 
in distinct life forms. The 
acquired immunity of vertebrates 
are distinct from the innate 
immunity of invertebrates.  The 
mechanisms, cells and proteins 
involved in the immunity of 
distinct invertebrates are also 
distinct (e.g., sea urchin, sea 
anemone, trichoplax, c. 
intestinalis, c. elegans).
The proteins and genes 
used for 
biomineralization in 
distinct life forms--e.g., 
the proteins required to 
build the skeleton of 
sea urchin, oyster or 
horseshoe crab, and 
the bone of human are 
entirely different.  
The proteins assisting 
respiration in distinct 
invertebrates are unique.  
For example, 
hemoglobin, 
hemocyanin, heme 
erythrin are used in 
distinct life forms.  The 
morphological structures 
used for respiration in 
these life forms are also 
entirely unique.
Table 3. | Examples of unique sets of proteins specifying generic physiological systems in morphologically distinct life forms.
genes from the pre-biotic pool.  Thus, a prolific mixing and 
matching of genes and genomes would occur, creating further 
new genomes in the open pre-biotic system and in seed cells 
(akin to zygotic cells) (74). These genomic alterations are yet to 
be defined and analyzed, a subject for future research.
The universal occurrence of the 4-character DNA alphabet, 
20-character protein alphabet, and essentially the same genetic 
code and the ribosomes in all life forms has been stated as 
support for LBE. The explanation under LBE for this 
phenomenon is that these features had evolved as a frozen 
accident in the earliest ancestor and then propagated in all life 
forms. However, these basic characteristics could have been 
established by pre-biotic stochastic molecular processes leading 
to the best molecular and cellular outcomes for encoding 
maximum biological information (by the play of the right DNA 
and protein alphabet sizes with appropriate CD and AAVAR). 
Thus, although several pre-biotic molecular machineries and 
basic cellular structures may have been possible, the most 
stochastically probable would have succeeded. ROSG/PGA is 
able to explain all of these commonalities across life forms 
based on their occurrence in pre-biotic chemistry.
 Our ROSG based studies have shown that virtually 
any given protein, including development regulating master 
control proteins, or different proteins containing DNA binding 
domains (e.g., homeobox) and other hetero-functional domains 
(for various biochemical/biological activities), could have 
occurred within a finite pre-biotic DNA (P. Senapathy et al, and 
A. Bhasi et al, accompanying papers). In addition, under 
ROSG, multiple target DNA binding sequences for these 
proteins could occur at an extremely high probability around 
the transcriptional start or termination site of a given gene; and 
numerous independent genes encoding each unique target 
protein would also occur within a finite DNA. The split nature 
of protein coding and non-coding RNA genes, and their 
regulatory sequences, and their tolerance to a high degree of 
sequence variations, would have enabled an enormous 
probability for essentially every type of gene and genetic 
regulatory elements within approximately one microgram to 
one milligram of random DNA. The pre-biotic stochastic 
processes could have utilized these abundant genes and genetic 
toolkits and resulted in an algorithm for the developmental 
genetic pathway (DGP) of an organism. The probability for 
assembling the DGPs for viable organisms would have 
therefore been very high. In contrast, the high complexity of the 
DGPs indicates that it would have been extremely improbable 
to evolve them from the simple operon-like genetic tool kit of a 
bacterial genome -- whose origin itself is obscure under LBE -- 
through random genetic mutations.  
CONCLUDING REMARKS  
Linear branching evolution has been effectively accepted as the 
correct theory for the diversity of life. The wonders of this 
simple and yet profound evolutionary mechanism, however, 
cast a shadow upon its critical errors. In this paper, we have 
simply brought these pitfalls to light. We have proposed the 
ROSG/PGA model that provides consistent non-teleological 
answers to the questions posed by emerging genomic data. 
The LBE model is based on the premise of life as an initial 
improbable event that slowly propagated and expanded with 
time and evolution. By contrast,  the ROSG/PGA model 
suggests that genomic formation in the right pre-biotic 
environment was not only probable, but because of the 
extremely high abundance of biological functions in split 
forms, was perhaps inevitable.  Primordial pools of DNA may 
have resulted in the simultaneous,  parallel formation of 
organisms en masse, explaining the heretofore inexplicable 
genomic, proteomic, morphologic, physiologic, and fossil 
evidence.
Methods
Data set
The homologene.data file was downloaded from the build 64 of 
Homologene database of NCBI. The procedure for building the 
Homologene.data file is available at:  http://
www.ncbi.nlm.nih.gov/HomoloGene/HTML/
homologene_buildproc.html.
Data Filtration
Out of the 20 organisms for which the data were available in 
the Homologene.data file, we chose seven organisms, namely, 
Homo sapiens, Caenorhabditis elegans,  Drosophila 
melanogaster, Plasmodium falciparum, and Saccharomyces 
cerevisiae, that belong to five distinct phyla,  and Arabidopsis 
thaliana and Oryza sativa which belong to one phylum. The 
downloaded file, that contained 43,997 homologous gene 
groups, was parsed to obtain those Homologene group IDs that 
were present at least in any one of the seven organisms. We 
then computed the gene count for each Homologene group ID 
present in each of the seven organisms. The list of first 20 
groups is provided as a sample (Table S3).
Gene distribution analysis in extant genomes
The objective was to compare the content of genes (proteins) 
among the genomes and analyze the distribution of common, 
unique and shared genes (the mosaic gene distribution) among 
them. We created several combinations ranging from two to 
seven organisms for analyzing the mosaic gene distribution 
among different sets of genomes and for studying the behavior 
of this distribution while increasing the number of genomes in 
the comparison.
 If a gene was present among all organisms in a selected 
combination (Ce, Hs and Dm), it was taken as a common gene. 
If the gene was present in more than one but not all of the 
genomes (e.g., only between Ce and Hs or Dm and Ce), it was 
considered to be shared genes. If a gene was present within 
only one organism and not others, it was considered to be a 
unique gene. In this computation, our objective was to study 
Parallel genome origins                                                                                  8
Copyright © 2010 by Periannan Senapathy, Genome International Corporation, Madison, WI 53717, USA
only the distribution of common, shared (orthologous genes) 
and unique genes, and so the paralogous genes were discarded. 
We describe below the methods of calculating the common, 
unique and shared genes among the different organisms.
Calculation of common genes
The number of common genes (C) present in a given organism 
was calculated by counting the gene groups that are present in 
all organisms in the particular combination (TABLE S3). 
Calculation of shared genes
In a selected combination, a gene present in the primary 
organism is considered to be shared if it is present in at least 
one other organism but not in all organisms.
Calculation of unique genes
The total number of unique genes present in a given organism 
was calculated by counting the number of homologous gene 
groups which were present only in that particular organism for 
a particular combination (Table S3). 
Gene distribution analysis in randomly assorted 
genomes
Algorithms and computer programs were developed to simulate 
the parallel random assortment of genes from a common gene 
pool into a given number of genomes. The simulation program 
used the Monte Carlo method to generate and analyze genomes. 
The simulation program used three inputs: the number of genes 
in the pool (P), the number of genomes (M), and the average 
number of genes in the genomes (N). Each genome was 
generated by requesting N numbers from a random number 
generator that returned integers (the "genes") within a range of 
one to P (the "pool").  Genes will certainly repeat in a genome 
if P is less than N. The number of non-redundant genes in a 
genome (N’) was computed in each genome by subtracting the 
redundant genes. A gene was common if it appeared at least 
once in each genome.  A gene was unique if it appeared in only 
one genome. A gene was considered to be shared if it occurred 
at least in one other genome but not in all the genomes. The 
commonness (C) and uniqueness (U) ratios were computed 
based on the sizes of the genomes under consideration. The 
number of shared genes (S) was computed by subtracting the 
number of common and unique genes from the number of non-
redundant genes per genome (S=N’-(C+U)).  
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A1 (HCADSOP)
Organism Total 
Genes 
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 385 (2%) 12,542 (66%)
5,949 
(32%)
Arabidopsis 
thaliana (A) 11,226 385 (3%)
1,517 
(14%)
9,324 
(83%)
Drosophila 
melanogaster (D) 7,796 385 (5%)
2,601 
(33%)
4,810 
(62%)
Saccharomyces 
cerevisiae (S) 4,373 385 (9%)
2,643 
(60%)
1,345 
(31%)
Caenorhabditis 
elegans (C) 4,829 385 (8%) 868 (18%)
3,576 
(74%)
Oryza sativa (O) 10,674 385 (4%) 1,119 (10%)
9,170 
(86%)
Plasmodium 
falciparum (P) 1,130 385 (34%) 79  (7%) 666 (59%)
B1 (HCADSO)
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 710 (4%) 12,573 (67%)
5,593 
(30%)
Arabidopsis 
thaliana (A) 11,226 710 (6%)
1,531 
(14%)
8,985 
(80%)
Drosophila 
melanogaster (D) 7,796 710 (9%)
2,615 
(34%)
4,471 
(57%)
Saccharomyces 
cerevisiae (S) 4,373 710 (16%)
2,657 
(61%)
1,006 
(23%)
Caenorhabditis 
elegans (C) 4,829 710 (15%) 879 (18%)
3,240 
(67%)
Oryza sativa (O) 10,674 710 (7%) 1,127 (11%)
8,837 
(83%)
B2 (HCADSP) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 406 (2%) 12,600 (67%)
5,870 
(31%)
Arabidopsis 
thaliana (A) 11,226 406 (4%)
8,057 
(72%)
2,763 
(25%)
Drosophila 
melanogaster (D) 7,796 406 (5%)
2,619 
(34%)
4,771 
(61%)
Saccharomyces 
cerevisiae (S) 4,373 406 (10%)
2,668 
(61%)
1,299 
(30%)
Caenorhabditis 
elegans (C) 4,829 406 (8%) 873 (18%)
3,550 
(74%)
Plasmodium 
falciparum (P) 1,130 406 (36%) 86 (8%) 638 (56%)
B3 (HADSOP) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 425 (2%) 13,147 (70%)
5,304 
(28%)
Arabidopsis 
thaliana (A) 11,226 425 (4%)
1,530 
(14%)
9,271 
(83%)
Drosophila 
melanogaster (D) 7,796 425 (5%)
2,867 
(37%)
4,504 
(58%)
Saccharomyces 
cerevisiae (S) 4,373 425 (10%)
2,657 
(61%)
1,291 
(30%)
Oryza sativa (O) 10,674 425 (4%) 1,124 (11%)
9,125 
(85%)
Plasmodium 
falciparum (P) 1,130 425 (38%) 89 (8%) 616 (55%)
B4 (HCADOP)
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 543 (3%) 12,651 (67%)
5,682 
(30%)
Arabidopsis 
thaliana (A) 11,226 543 (5%)
1,542 
(14%)
9,141 
(81%)
Drosophila 
melanogaster (D) 7,796 543 (7%)
2,619 
(34%)
4,634 
(59%)
Caenorhabditis 
elegans (C) 4,829 543 (11%) 882(18%)
3,404 
(70%)
Oryza sativa (O) 10,674 543 (5%) 1,144 (11%) 8,987 (84%)
Plasmodium 
falciparum (P) 1,130 543 (48%) 92 (8%) 495 (44%)
B5 (HCASOP) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 397 (2%) 13,961 (74%)
4,518 
(24%)
Arabidopsis 
thaliana (A) 11,226 397 (4%)
1,539 
(14%)
9,290 
(83%)
Saccharomyces 
cerevisiae (S) 4,373 397 (9%)
2,661 
(61%)
1,315 
(30%)
Caenorhabditis 
elegans (C) 4,829 397 (8%)
1,134 
(23%)
3,298 
(68%)
Oryza sativa (O) 10,674 397 (4%) 1,137 (11%)
9,140 
(86%)
Plasmodium 
falciparum (P) 1,130 397 (35%) 92 (8%) 641 (57%)
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Supplementary Table 1. | Mosaic distribution of genes among seven extant genomes. The fractions of common, unique, and shared genes among 
different combinations of 2-7 extant genomes.
B6 (HCDSOP) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 388 (2%) 12,637 (67%)
5,851 
(31%)
Drosophila 
melanogaster (D) 7,796 388 (5%)
2,624 
(34%)
4,784 
(61%)
Saccharomyces 
cerevisiae (S) 4,373 388 (9%)
2,669 
(61%)
1,316 
(30%)
Caenorhabditis 
elegans (C) 4,829 388 (8%) 882 (18%)
3,559 
(74%)
Oryza sativa (O) 10,674 388 (4%) 7,660 (72%)
2,626 
(25%)
Plasmodium 
falciparum (P) 1,130 388 (34%) 93 (8%) 649 (57%)
B7 (CADSOP) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Arabidopsis 
thaliana (A) 11,226 393 (4%)
1,612 
(14%)
9,221 
(82%)
Drosophila 
melanogaster (D) 7,796 393 (5%)
4,030 
(52%)
3,373 
(43%)
Saccharomyces 
cerevisiae (S) 4,373 393 (9%)
2,762 
(63%)
1,218 
(28%)
Caenorhabditis 
elegans (C) 4,829 393 (8%)
1,483 
(31%)
2,953 
(61%)
Oryza sativa (O) 10,674 393 (4%) 1,187 (11%)
9,094 
(85%)
Plasmodium 
falciparum (P) 1,130 393 (35%) 110 (10%) 627 (55%)
C1 (HCDAO) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 1324 (7%) 12,686 (67%)
4,866 
(26%)
Arabidopsis 
thaliana (A) 11,226 1324 (12%)
1,559 
(14%)
8,343 
(74%)
Drosophila 
melanogaster (D) 7,796 1324 (17%)
2,633 
(34%)
3,839 
(49%)
Caenorhabditis 
elegans (C) 4,829 1324 (27%) 894 (19%)
2,611 
(54%)
Oryza sativa (O) 10,674 1324 (12%) 1,152 (11%)
8,198 
(77%)
C2 (HCADS)
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 759 (4%) 12,633 (67%) 5484 (29%)
Arabidopsis 
thaliana (A) 11,226 759 (7%)
7,280 
(65%) 3187 (28%)
Drosophila 
melanogaster (D) 7,796 759 (10%)
2,632 
(34%) 4405 (57%)
Caenorhabditis 
elegans (C) 4,829 759 (16%)
1,770 
(37%) 2300 (48%)
Saccharomyces 
cerevisiae (S) 4,373 759 (17%)
2,682 
(61%) 932 (21%)
C3 (HCASO)
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 755 (4%) 14,021 (74%) 4100 (22%)
Arabidopsis 
thaliana (A) 11,226 755 (7%)
1,553 
(14%) 8918 (79%)
Caenorhabditis 
elegans (C) 4,829 755 (16%)
1,146 
(24%) 2928 (61%)
Saccharomyces 
cerevisiae (S) 4,373 755 (17%)
2,675 
(61%) 943 (22%)
Oryza sativa (O) 10,674 755 (7%) 1,144 (11%) 8775 (82%)
C4 (CADSP)
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Caenorhabditis 
elegans (C) 4,829 414 (9%)
1,485 
(31%) 2930 (61%)
Arabidopsis 
thaliana (A) 11,226 414 (4%)
8,536 
(76%) 2276 (20%)
Drosophila 
melanogaster (D) 7,796 414 (5%)
4,059 
(52%) 3323 (43%)
Saccharomyces 
cerevisiae (S) 4,373 414 (9%)
2,784 
(64%) 1175 (27%)
Plasmodium 
falciparum (P) 1,130 414 (37%) 119 (11%) 597 (53%)
C5 (ADSOP)
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Arabidopsis 
thaliana (A) 11,226 437 (4%)
1,641 
(15%) 9148 (81%)
Drosophila 
melanogaster (D) 7,796 437 (6%)
5,367 
(69%) 1992 (26%)
Saccharomyces 
cerevisiae (S) 4,373 437 (10%)
2,786 
(64%) 1150 (26%)
Oryza sativa (O) 10,674 437 (4%) 1,189 (11%) 9048 (85%)
Plasmodium 
falciparum (P) 1,130 437 (39%) 130 (12%) 563 (50%)
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D1 (HCDA) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 1434 (8%) 12754 (68%)
4,688 
(25%)
Arabidopsis 
thaliana (A) 11,226 1434 (13%) 8370 (75%)
1,422 
(13%)
Drosophila 
melanogaster (D) 7,796 1434 (18%) 2651 (34%)
3,711 
(48%)
Caenorhabditis 
elegans (C) 4,829 1434 (30%) 899 (19%)
2,496 
(52%)
 
D2 (HCDO) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 1370 (7%) 12798 (68%)
4,708 
(25%)
Drosophila 
melanogaster (D) 7,796
1370 (18%)
2656 (34%)
3,770 
(48%)
Caenorhabditis 
elegans (C) 4,829
1370 (28%)
910 (19%)
2,549 
(53%)
Oryza sativa (O) 10,674 1370 (13%) 7963 (75%)
1,341 
(13%)
D3 (HCAO) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 1451 (8%) 14197 (75%)
3,228 
(17%)
Arabidopsis 
thaliana (A) 11,226
1451 (13%)
1582 (14%)
8,193 
(73%)
Caenorhabditis 
elegans (C) 4,829
1451 (30%)
1174 (24%)
2,204 
(46%)
Oryza sativa (O) 10,674 1451 (14%) 1170 (11%)
8,053 
(75%)
D4 (HDAO) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 1754 (9%) 13325 (71%)
3,797 
(20%)
Arabidopsis 
thaliana (A) 11,226
1754 (16%)
1575 (14%)
7,897 
(70%)
Drosophila 
melanogaster (D) 7,796
1754 (22%)
2913 (37%)
3,129 
(40%)
Oryza sativa (O) 10,674 1754 (16%) 1157 (11%)
7,763 
(73%)
D5 (CDAO) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Arabidopsis 
thaliana (A) 11,226
1363 (12%)
1671 (15%)
8,192 
(73%)
Drosophila 
melanogaster (D) 7,796
1363 (17%)
4144 (53%)
2,289 
(29%)
Caenorhabditis 
elegans (C) 4,829
1363 (28%)
1533 (32%)
1,933 
(40%)
Oryza sativa (O) 10,674 1363 (13%) 1220 (11%)
8,091 
(76%)
D6 (HDSP) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 465 (2%) 13,785 (73%)
4,626 
(25%)
Drosophila 
melanogaster (D) 7,796 465 (6%)
2,990 
(38%)
4,341 
(56%)
Saccharomyces 
cerevisiae (S) 4,373 465 (11%)
2,871 
(66%)
1,037 
(24%)
Plasmodium 
falciparum (P) 1,130 465 (41%) 208 (18%) 457 (40%)
D7 (ASOP) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Arabidopsis 
thaliana (A) 11,226 477 (4%)
1,778 
(16%) 8971(80%)
Saccharomyces 
cerevisiae (S) 4,373 477 (11%)
2,997 
(69%) 899 (21%)
Oryza sativa (O) 10,674 477 (4%) 1,254 (12%) 8943 (84%)
Plasmodium 
falciparum (P) 1,130 477 (42%) 200 (18%) 453 (40%)
E1 (HCD) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 2723 (14%) 13354 (71%)
2,799 
(15%)
Drosophila 
melanogaster (D) 7,796
2723 (35%)
2740 (35%)
2,333 
(30%)
Caenorhabditis 
elegans (C) 4,829
2723 (56%)
972 (20%)
1,134 
(23%)
E2 (HCA) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 1583 (8%) 14,290 (76%) 3,003 (16%)
Arabidopsis 
thaliana (A) 11,226 1583 (14%)
8,459 
(75%) 1,184 (11%)
Caenorhabditis 
elegans (C) 4,829 1583 (33%)
11,85 
(25%) 2,061(43%)
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E3 (HDA) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 1897 (10%) 13,405 (71%)
3,574 
(20%)
Arabidopsis 
thaliana (A) 11,226 1897 (17%)
8,443 
(75%) 886 (8%)
Drosophila 
melanogaster (D) 7,796 1897 (24%)
2,937 
(38%)
2,962 
(38%)
E4 (CDA) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Arabidopsis 
thaliana (A) 11,226 1482 (13%)
8,970 
(80%) 774 (7%)
Drosophila 
melanogaster (D) 7,796 1482 (19%)
4,187 
(54%)
2,127 
(27%)
Caenorhabditis 
elegans (C) 4,829 1482 (31%)
1,550 
(32%)
1,797 
(37%)
E5 (DAO) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Arabidopsis 
thaliana (A) 11,226 1859 (17%) 1709 (15%) 7658 (68%)
Drosophila 
melanogaster (D) 7,796 1859 (24%)
5,667 
(73%) 270 (3%)
Oryza sativa (O) 10,674 1859 (17%) 1,237 (12%) 7578 (71%)
E6 (CAO) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Arabidopsis 
thaliana (A) 11,226 1547 (14%)
1,727 
(15%)
7,952 
(71%)
Caenorhabditis 
elegans (C) 4,829 1547 (32%)
3,056 
(63%) 226 (5%)
Oryza sativa (O) 10,674 1547 (14%) 1,263 (12%)
7,864 
(74%)
E7 (CDO) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Drosophila 
melanogaster (D) 7,796 1415 (18%)
4,200 
(54%)
2,181 
(28%)
Caenorhabditis 
elegans (C) 4,829 1415 (29%)
1,571 
(33%)
1,843 
(38%))
Oryza sativa (O) 10,674 1415 (13%) 8,519 (80%) 740 (7%)
E8 (HAO) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens 
(H) 18,876 2369 (13%)
1,6079 
(85%) 428 (2%)
Arabidopsis 
thaliana (A) 11,226 2369 (21%)
1,607 
(14%)
7,250 
(65%)
Oryza sativa (O) 10,674 2369 (22%) 1,181 (11%)
7,124 
(67%)
E9 (HCO) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 1509 (8%) 14,342 (76%)
3,025 
(16%)
Caenorhabditis 
elegans (C) 4,829
1509 (31%) 1,199 
(25%)
2,121 
(44%)
Oryza sativa (O) 10,674 1509 (14%) 8,047 (75%))
1,118 
(10%)
E10 (HDO) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Homo sapiens (H) 18,876 1825 (10%) 13,459 (71%)
3,592 
(19%)
Drosophila 
melanogaster (D) 7,796 1825 (23%))
2,945 
(38%)
3,026 
(39%)
Oryza sativa (O) 10,674 1825 (17%) 8,025 (75%) 824 (8%)
E11 (DSP) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Drosophila 
melanogaster (D) 7,796 482 (6%)
6,333 
(81%) 981 (13%)
Saccharomyces 
cerevisiae (S) 4,373 482 (11%)
3,125 
(71%) 766 (18%)
Plasmodium 
falciparum (P) 1,130 482 (43%) 291 (26%) 357 (32%)
E12 (DOP) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Drosophila 
melanogaster (D) 7,796 649 (8%)
5,723 
(73%) 1424 (18%)
Oryza sativa (O) 10,674 649 (6%) 8,535 (80%) 1490 (14%)
Plasmodium 
falciparum (P) 1,130 649 (57%) 177 (16%) 304 (27%)
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E13 (SOP) 
Organism Total 
Genes
Common 
Genes
Unique 
Genes
Shared 
Genes
Saccharomyces 
cerevisiae (S) 4,373 483 (11%)
3,077 
(70%) 813 (19%)
Oryza sativa (O) 10,674 483 (5%) 9,097 (85%) 1094 (10%)
Plasmodium 
falciparum (P) 1,130 483 (43%) 226 (20%) 421 (37%)
F (Combination of 2 species among 7 organisms)
Combinati
on Common
Unique 
Org1
Unique 
Org2
Comm 
Org1%
Comm 
Org2%
Unique 
Org1%
Unique 
Org2%
HC 3523 15353 1306 19 73 81 27
HA 2646 16230 8580 14 24 86 76
HD 4722 14154 3074 25 61 75 39
HS 1406 17470 2967 7 32 93 68
HO 2520 16356 8154 13 24 87 76
HP 839 18037 291 4 74 96 26
CA 1704 3125 9522 35 15 65 85
CD 3057 1772 4739 63 39 37 61
CS 1041 3788 3332 22 24 78 76
CO 1616 3213 9058 33 15 67 85
CP 690 4139 440 14 61 86 39
AD 2034 9192 5762 18 26 82 74
AS 1275 9951 3098 11 29 89 71
AO 9342 1884 1332 83 88 17 12
AP 863 10363 267 8 76 92 24
DS 1177 6619 3196 15 27 85 73
DO 1954 5842 8720 25 18 75 82
DP 768 7028 362 10 68 90 32
SO 1226 3147 9448 28 11 72 89
SP 553 3820 577 13 49 87 51
OP 834 9840 296 8 74 92 26
Where, in a given combination of genomes compared,
• Total genes = Number of distinct genes within the primary 
organism
• Common genes = Number of genes common to all organisms 
in the comparison
• Unique genes = Number of genes present in only the primary 
organism
• Shared genes = Total genes - (common genes +unique genes)
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Supplementary Table 2. | Expected and Observed. The molecular, morphological, physiological and fossil details observed in life forms as compared 
to those expected by the LBE model and the ROSG/PGA model.
Phenomenon/ 
Feature Expected by PGA Expected by LBE Observed in Nature
Genes
Complex intron-rich genes should 
occur from simple protozoa to 
complex metazoa
Simple split genes should occur in 
primitive eukaryote; increasingly 
complex and intron-rich in higher life 
forms
Split genes in basal eukaryote such as Trichoplax and sea 
anemone are as intron rich and complex as in higher eukaryotes; 
Inter-kingdom analysis show that the very first eukaryotic ancestor 
must have contained highly complex intron-rich genes
RNA Processing/
Spliceosome
Fully-formed spliceosomes should 
occur in all eukaryotes irrespective 
of morphological complexity
Simple and primitive spliceosome 
should occur in the eukaryotic ancestor 
and should increase in complexity in 
due course of evolution
Highly complex, fully-formed spliecosomes are found from the 
lowest to the highest eukaryotes  across biota; post genomic 
discoveries show that the very first eukaryotic ancestor must have 
contained highly complex and fully formed spliceosome (for 
splicing the complex split genes that also occurred in it)
Proteins
Equally complex proteins should 
occur in all different life forms; no 
simple to complex gradation of 
proteins in biota should be found
Simple proteins in primitive life form; 
increasingly complex proteins in 
evolving, complex life forms, with minor, 
phylogentically traceable sequence 
variations 
Highly complex proteins found ubiquitously across biota, from the 
simplest bacterium to the most complex life forms; the protein 
world does not show a simple to complex protein evolution; 
numerous highly advanced proteins are found at the root of the 
evolutionary tree
Cell
Eukaryotic cell originated directly 
from pre-biotic chemistry with all of 
the sub-cellular structures; 
prokaryotes originated from intron-
less genes that reduced from pre-
biotic intron-rich genes
Prokaryotes originated in pre-biotic 
chemistry.  It evolved into the 
eukaryotic cell with complex sub-
cellular structures and functions from 
primitive prokaryotes
Eukaryotic cell and RNA processing mechanism are far too 
complex to have evolved from prokaryotic cell;  Eukaryote is found 
at the base of phylogenetic tree rather than a prokaryote; No 
precursor of the eukaryotic cell nucleus found among all of 
prokaryotes, indicating that nucleus did not evolve from a 
prokaryote; Therefore the eukaryote did not evolve from a 
prokaryote
Gene
Distribution
Mosaic gene distribution--different 
fractions of unique, common and 
shared genes--in genomes of 
morphologically distinct life forms 
Almost all genes in different genomes 
should be similar and phylogentically 
traceable across biota to a single 
primitive ancestor of all life forms
Only less than 0.1% - 1% of genes are common across 
sequenced genomes; Each of these common genes produce a 
different incongruent phylogenetic tree; 99% of genes are either 
unique or are distributed in a random mosaic manner, and not 
traceable in expected ancestors
Genome 
origination/
organization
Eukaryotic genomes originated 
directly from pre-biotic split genes; 
Intron-poor and Intron-less 
genomes originated from pre-biotic 
intron-rich random genes by intron 
loss; Different genomes should 
exhibit a different unique mosaic 
gene content
Primitive prokaryotic genome evolved in 
pre-biotic chemistry; It evolved into the 
genomes of all simple and complex life 
forms; So genome organization should 
be traceable phylogenetically
 Eukaryotic genome is found at the base of life tree; Mosaic gene 
distribution across genomes shows that they could not have 
evolved from one another; Genomes of morphologically distinct 
life forms are disjointed and unique based on their gene content; 
so they cannot be traced phylogenetically; Prokaryotic contiguous 
genes are impossible to originate in pre-biotic chemistry based on 
probability & chance-based methods
Morphological 
complexity
Unique life forms of widely varying 
morphological complexity and 
disjointed phylogeny; Unique sets 
of genes and developmental 
genetic pathways (DGPs) 
specifying unique morphological 
structures in distinct life forms
Morphological complexity should 
increase from bacterium to uni-celled 
eukaryote and multicellular life forms in 
a phylogenetically traceable manner; 
forming a linear branching tree-like 
phylogeny; all life forms should be 
morphologically related and traceable
Numerous unique life forms grouped into entirely distinct higher 
taxonomic groupings, with no morphological or phylogenetic 
relationship; Each unique life form contains entirely unique 
morphological structures, organs and appendages, not relatable 
with those in other unique life forms; distinct sets of genes and 
DGPs specify unique morphological structures
Physiological 
complexity
Unique as well as generically 
similar physiological systems in 
morphologically distinct life forms, 
specified by unique sets of genes;
no simple to complex evolution of 
physiological systems; the genomic 
or functional complexity of the 
different systems in different unique 
life forms are more or less equally 
complex
Physiological complexity should 
increase with evolution; each 
physiological system (e.g., immunity or 
blood coagulation) should be 
genomically and functionally similar in 
all life forms and traceable 
phylogenetically
Unique physiological systems for unique as well as generically 
similar functions, specified by unique sets of genes, occur in 
distinct life forms; the sets of genes for a generic physiological 
function (e.g., immunity or blood coagulation) are entirely distinct 
in morphologically distinct organisms; physiological systems are 
equally complex in life forms that vary widely in morphological 
complexity
Genome 
vs
Morphological 
complexity
Essentially equal genome 
complexity in morphologically 
widely varying life forms; no 
correlation between genomic and 
morphological complexities
Simple genome in primitive life form; 
genome complexity should increase 
with increasingly complex life forms
Genome complexity is high and essentially equal from simple 
protozoa to complex metazoa
Fossil
record
Numerous unique and complex life 
forms should occur in a geological 
instant in the fossil record
Fossil record should show a gradation 
of simple to complex life forms 
throughout the geological time, taking 
millions of years for each small 
morphological change; in a linear tree-
like branching fashion
Numerous fully formed unique complex life forms (from all the 
different taxa) occurred abruptly in a geological instant (Cambrian 
explosion); they have changed little over the next 500 million years
Supplementary Table 3. | Sample list of 20 gene groups out of 
43,997 from the test data file
HID Hs Ce Dm At Os Sc Pf
3 1 3 1 0 0 0 0
5 1 1 1 0 0 0 0
6 1 2 1 1 1 1 1
7 1 0 1 0 0 0 0
9 1 0 0 0 0 0 0
12 1 0 1 0 0 1 0
13 1 1 2 1 1 0 0
14 1 0 0 0 0 0 0
16 1 0 1 1 1 1 1
17 1 0 0 0 0 1 0
20 1 0 0 0 0 0 0
26 1 0 0 0 0 0 0
27 1 0 0 0 0 0 0
28 1 0 0 0 0 0 0
29 1 0 0 0 0 1 0
32 1 0 1 1 1 1 0
33 1 0 0 0 0 0 0
35 1 1 0 1 1 1 0
39 1 1 1 2 1 0 1
41 1 0 0 2 1 0 0
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